Objectives: To determine the relationship of HIV infection in pregnant women to sexual network size and other risk factors.
Introduction
Heterosexual transmission accounts for a growing proportion of new cases of HIV infection in the western hemisphere [1, 2] , but the epidemiology of such transmission in Latin America remains poorly defined. Among pregnant women in Peru, where injection drug use is uncommon, nearly all HIV infections among women are thought to be heterosexually acquired [3] . In 1990 [4] sexually experienced men of low-to-mid socioeconomic status in Lima reported a lifetime median of five partners, whereas sexually experienced women reported a median of one. Most men reported contact with female sex workers (FSW), and 10% reported bisexual behavior [4] . We hypothesized that the most important risk factors for HIV infection among women in Lima would be behaviors of their partners, which might include unprotected sex with FSW or with other men.
In our 1996-1997 cross-sectional study of 12 436 pregnant women at the Instituto Materno-Perinatal, the largest public maternity hospital in Lima [5] , 68% reported only one partner ever. Less than 1% reported the use of illegal drugs. HIV seroprevalence was 0.5%. For more detailed information on risk behaviors and sexual networks, we re-interviewed these HIV-seropositive women, HIV-seropositive women identified during 10 additional months of screening, and two groups of HIV-seronegative controls; we interviewed the most recent male partner of each woman, when available, about his own risk behaviors and sexual contacts.
Methods

Study population and design
All women seeking prenatal care, delivery, or care for miscarriage at the Instituto Materno-Perinatal between February 1996 and August 1997 were offered testing for HIV infection and syphilis. Peru's National AIDS Program offered free zidovudine to HIV-seropositive women to decrease vertical transmission.
Throughout our case-control study, we sought to promptly assess each woman and her most recent male partner with one reactive HIV ELISA test; 90 of these women were subsequently HIV-seropositive by Western blot. Of these, 75 were available for interview, all of whom agreed to participate. Only 12 of these 75 reported knowing they had HIV infection before the study. We interviewed 25 during a prenatal visit and 50 postpartum.
In April-May 1997 we selected a random sample of 79 ELISA-negative postpartum women by bed assignment to serve as the primary control group (control group 1). Because HIV-seropositive women and their interviewers knew initial ELISA results prior to the interview, we created control group 2 to control for potential reporting and interviewer bias; this group consisted of 58 women interviewed after an initial reactive ELISA but who subsequently had a negative follow-up ELISA (n ¼ 28), or a negative (n ¼ 15) or indeterminate (n ¼ 15) Western blot.
With permission of the female case or control, we invited her most recent male partner to give written informed consent, undergo interview and free testing for HIV infection, and return for lab results and posttest counseling. We interviewed the most recent male partner of 41 (55%) HIV-seropositive women, 40 (51%) control group 1 women, and 30 (52%) control group 2 women.
Study procedures
Institutional Human Use Review Boards of the University of Washington and the University of San Marcos approved the research protocol. After written informed consent for screening, serum was drawn during the first prenatal visit, or on the morning following admission for delivery or miscarriage. The hospital performed the initial HIV ELISA. The US Navy Medical Research Center in Lima performed repeat ELISA testing and Western blot confirmation. A hospital counselor informed women with positive initial ELISA tests of their results and provided post-test counseling. An interviewer then recruited women for the case-control study.
Serologic testing
Sera were screened for HIV infection and syphilis by HIV-1 ELISA (Sanofi, Paris, France; Abbott Diagnostics, Chicago, Illinois, USA; Ortho Biotech, Bridgewater, New Jersey, USA) and Rapid Plasma Reagin test (Ortho). Dually reactive HIV ELISA tests were confirmed by Western blot assay (Organon Teknika HIV-1; Organon Teknika, Durham, North Carolina, USA). Rapid Plasma Reagin-reactive sera were confirmed by Treponema pallidum hemagglutination assay (TPHA-Nosticon; Organon Teknika).
Questionnaires
A nurse, psychologist, or social worker (all female) performed a confidential, standardized, face-to-face interview with each woman, and in a separate interview, with her male partner. Questions addressed socio-demographic characteristics, history of sexually transmitted diseases (STD), risk behaviors [e.g., history of injection drug use, contact with men who have sex with men (MSM), or exchange of sex for money or a gift], and perceived risk-behaviors of their last three partners. For instance, we asked, ''With respect to the second to the last person with whom you had sexual contact, how many partners do you think he had in the past year (or in the last year you were together)?'' Sexual network questions included number of partners in the past year, 5 years and lifetime; number of contacts with FSW or MSM; and use of condoms with FSW.
Statistical methods
Using chi-square tests for categorical variables and t tests for continuous variables, potential risk factors for HIV infection were assessed by comparing HIVseropositive women with women in control groups 1 and 2, and by comparing 30 HIV-seropositive male partners of seropositive women with male partners of control women. We compared women's perceptions of their interviewed male partners with their perceptions about the most recent partners not interviewed, and compared each women's perceptions of her three most recent partners.
Logistic regression analyses of risks for HIV infection used data reported by all HIV-seropositive and control group 1 women, limiting analyses to those partnerships where both the woman and her partner were interviewed, and included sexual network size estimates.
Estimation of sexual network size
We estimated sexual network sizes for each pregnant woman (excluding the woman herself) through the second generation for each time period as G1 + G2, where G1 represents her first generation partners (i.e., the number of partners she reported during that time period), and G2 her second generation partners (i.e., her partners' partners during the same time period). G2 was estimated by multiplying G1 by the mean number of other partners per time period reported by the interviewed male partner (G29), assuming that G29 would have been the same for un-interviewed G1s, and for any of her other previous partners. Mean total network sizes for HIV-seropositive, control group 1 and control group 2 women were calculated by summing the individual networks and dividing by the number of women in each category.
Because we collected data directly from G1 male partners regarding their number of G2 partners who were men, FSW, or non-FSW women, and because concurrent surveys in Lima had obtained data concerning sexual activity of MSM and FSW, we estimated third-generation (G3) network components by multiplying the number of MSM (G2 MSM ), FSW (G2 FSW ), or non-FSW women (G2 WOM ) partners reported by G1 men by the average number of partners reported in the concurrent surveys of MSM, FSW, and non-FSW women in Lima. A sample of 451 MSM in Lima in 1996 reported a median of one female and 13 male partners in the past year [6] . This sample provided no data on their number of partners over the past 5 years and lifetime. To estimate the number of G3 partners of G2 non-FSW women (G39 WOM ), we used the mean number of partners reported by pregnant women in our control groups. To estimate the number of G3 partners of FSW (G39 FSW ), we used data from 917 FSW followed monthly for 7908 person-months in Lima and Callao in 1994-1995 [7] . Each FSW reported her number of clients per week, the percentage of clients new to her on her last day of work, and her duration of time as a sex worker. Overall, the mean duration of sex work was 4.9 years; the mean number of clients in the past month was 58; and the mean percentage of clients who were first-time clients was 49.6. Based upon the latter figure, we assumed that 50% of G2 FSW contacts were with FSW they had not previously encountered.
Thus, the total network size for each woman through three generations of partners
. By adding the networks and dividing by the number of women, we determined mean network sizes for HIV seropositive, control group 1, and control group 2 women.
Finally, we re-calculated mean third-generation sexual network sizes: when the male partner reported consistent condom use during sexual contact with FSW, these FSW and their other partners/clients were excluded from the network size calculation.
Results
HIV prevalence in male partners
Of 70 interviewed male partners of control groups 1 and 2 women, 61 consented to HIV testing; none were seropositive. Of 41 interviewed male partners of HIVseropositive women, 38 underwent testing for HIV infection; 30 (79%) were HIV seropositive. The most recent male partners of two other seropositive women had reportedly died of AIDS. Our univariate analyses of male risk factors for HIV infection focus on the 30 interviewed HIV-seropositive men.
Characteristics of female participants
Demographic factors associated with HIV infection (Table 1) included birth in Lima, and among women born elsewhere, longer residence in Lima (data not shown). HIV-seropositive women resembled control group 1 or 2 women in age, education, age at first intercourse, and marital status; only 17% of all women had married. HIV-seropositive women less often had a continuing sexual relationship with their most recent partner. They reported a median of only one partner during the past 5 years, and a lifetime median of only two partners. Nevertheless, mean numbers of sexual partners during the past 5 years and lifetime were associated with HIV seropositivity.
Additional behavioral risk factors for HIV infection included histories of sex during menstruation or fellatio with any of the last three partners, and anal sex (ever). History of anal sex correlated with having a bisexual male partner [odds ratio (OR), 3.7; 95% confidence interval (CI), 0.9-15.6] (data not shown) but remained associated with HIV infection even for women whose most recent partners denied bisexuality (OR, 2.8; 95% CI, 1.0-8.5). Concurrent syphilis and history of any STD (Table 1) were also associated with HIV infection. A history of sex work, injection drug use or other illegal drugs, and travel away from Peru were uncommon, but associated with HIV infection. History of tattoo or acupuncture, or number of dental procedures in the past year and 5 years, were not associated with HIV infection (data not shown). Fifty of the 75 HIVseropositive women had no personal risk factor for HIV infection (history of injection or other illicit drug use, sex for money or gift, transfusion, or more than two partners in her lifetime).
Characteristics of male partners
HIV-seropositive male partners were younger than male partners of controls and more often born in Lima, but were similar to partners of controls in education and marital status ( Table 2 ). Men reported more partners than did women (Tables 1 and 2) , and HIVseropositive men reported more partners than did partners of controls.
History of FSW contact was common and associated with HIV infection (OR, 3.6). All interviewed men reported having sex 'only with women' or 'usually with women but occasionally with men', but sex with another man was more common among the seropositive men (26.7% of seropositive men versus 5% of control group 1 men and none of control group 2 men). History of receiving money or gift in exchange for sex was also associated with HIV infection in men (OR, 12.4), though was no longer statistically significant after adjusting for history of sex with other men. Men reported illegal drug use more often than did women, and this was reported more often by seropositive men than by control group 1 men. History of STD was associated with HIV infection. Comparisons with control group 2 gave similar associations, although associations with illegal drug use or contact with FSW were not statistically significant. History of tattoo or acupuncture, or number of dental procedures in the past year and 5 years, were not associated with HIV infection (data not shown).
From 0 to 11% of HIV-seropositive and control group 1 and 2 men reported consistent condom use with each of their last three partners. Many women in this study presumably intended pregnancy, precluding meaningful analysis of condom use with the most recent partner and HIV infection. Estimated mean sexual network sizes through two and three generations Mean network sizes for the past year, estimated through G2, did not differ greatly for the HIVseropositive and control group women (Table 3) . However, mean network sizes for the past 5 years and lifetime were three to four times greater for HIVseropositive women than for the control groups. Fiveyear and lifetime network sizes predicted HIV infection in the women (Table 3) .
In all three time periods, the estimated mean network sizes through G3 were larger for HIV-seropositive women than for control group women (Table 4 ). At the time of this study (1996), 5-year networks best reflected the early years (1990-1995) of the heterosexual HIV epidemic in Lima. G2 FSW and their G3 partners probably contributed little to the actual risk of HIV infection in these pregnant women when sexual contact of G1 partners with FSW was 'protected' by consistent condom use. After excluding the G2 FSW reported by G1 male partners who reported always using condoms with FSW, the differences in network sizes between HIV-seropositive women and control group women were even greater ( Table 4 ).
Monogamy during the past 5 years was reported by 63, 85, and 87%, respectively, of HIV-seropositive, control group 1, and control group 2 women. Limiting analyses to these women, mean 5-year network sizes estimated through the third-generation were 763, 210, and 439 persons, respectively (data not shown).
Multiple regression analyses of risk factors for HIV infection in women
Variables predicting HIV infection reported by women ( 
Discussion
Transmission from the most recent male partner appeared to account for HIV infections of most of the seropositive women, as the majority of the women reported few lifetime partners, and the most recent male partner was usually HIV seropositive. Transmission from the infected pregnant woman to her male partner is an unlikely explanation for the high seroprevalence in male partners, given the short duration of relationship with the most recent partner (median, , 2 years) and low annual rates of HIV transmission [8, 9] . For men, the most common risk behavior reported was contact with FSW, but sex with other men or sex to receive money or a gift (closely related behaviors) were associated with highest risk of HIV infection. Sexual network size through the second generation predicted HIV infection
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. 
where G1 is the mean number of first generation partners reported per pregnant women, and G29 is the mean number of partners of the most recent partner of the pregnant woman (see Methods). b Differs from the HIV-positive group at P , 0.05. in a woman better than her reported number of partners. Network sizes through the third-generation were again strikingly different for HIV-seropositive women versus controls and were influenced most by male partner contact with FSW. Five-year third-generation networks of seropositive women reporting monogamy during that period included 763 people.
Consistent condom use with any partner decreases the impact of that partnership on HIV transmission within a network [10, 11] . Redefining a 'link' to the network as unprotected sexual contact (instead of any sexual contact) narrows the segment of the network which may be impacted by intervention. When we recalculated the network sizes through G3 by excluding the FSW contacts of men who reported always using condoms with FSW, differences in sexual network sizes between HIV-seropositive and control group women were even greater.
The relative importance of 1-year, 5-year, and lifetime networks for transmission of various STD probably varies depending on the natural history and duration of infectiveness for each STD. Even for third-generation networks, 1 year probably encompasses much of the transmission of the curable STD in settings which offer early detection and treatment of infection. However, for the chronic viral STD (and for the curable STD in settings with weak control programs), periods exceeding 1 year may be important, as demonstrated for HIV infection in this study.
Other studies have explored HIV infection risk in women reporting few sexual partners. Among 134 HIV-infected women presenting to an STD clinic in Chennai, India, 88% reported monogamy [12] ; roughly 80% of their current male partners were HIV seropositive, but these male partners were not interviewed. Among 102 HIV-seropositive prenatal women in Bangkok [13] , 53% reported monogamy; 70% of the male partners were HIV-seropositive, and only 2% reported monogamy. MSM contact (11%) was reported less frequently than in our study, but FSW contact was even more common (91%). Comparisons were not made to a control group.
Traditional approaches to 'behavioral epidemiology' have focused on the individual at risk. The sexual network approach offers additional insights into the characteristics of the groups in which one selectively 'mixes', and into the varying nature of each partnership [14] [15] [16] [17] , both of which strongly influence the spread of STD, including HIV infection. In Lima, our parallel studies of MSM and FSW enabled us to estimate the contribution of these high-risk 'core groups' to HIV transmission to women. Estimated network size differences between HIV-seropositive women and control women were largely attributable both to quantitative differences in sexual promiscuity of male partners, and to qualitative differences in sexual behaviors of male partners (HIV-seropositive men more often selected men or FSW as partners, and less consistently used condoms with FSW).
Whereas transmission from bisexual men accounts only for an estimated 1% of female cases in the USA annually [18] , it appears that more MSM in Lima are 'behaviorally bisexual' [4, 19, 20] and may therefore 'bridge' the transmission of HIV from MSM to heterosexual women. The strength of this bridge may stem more from the high prevalence of HIV infection in MSM than from their contribution to total network size; the bisexual partners of pregnant women who we interviewed reported few male partners during the past year, and in the concurrent surveys, FSW reported 20 times more partners per year than did MSM [6, 7] . In 1995-1996, the prevalence of HIV infection was 18.2% in 469 MSM recruited from various venues in Lima; 26% also acknowledged sex with a woman during the past year, and 44% of these men had not used condoms with women [6] . In contrast, the HIV seroprevalence in FSW in Lima was 5% in 1995-1996 [21] and during a program of intensified STD management and condom promotion in a cohort of FSW (1994) (1995) , only one HIV-seroconversion occurred during 7908 personmonths of follow-up (0.15% per year) [7] .
We obtained each woman's permission prior to contacting her most recent partner, which probably lowered our response rate and contributed to biased participation of male partners. Partners interviewed differed from those not interviewed: they were more likely to maintain a relationship with the pregnant woman, and were perceived as less likely to have other partners. Since these differences between interviewed and un-interviewed men were greater for the partners of HIV-seropositive women than for partners of controls, we may have underestimated the differences in network sizes between HIV-seropositive women and control women. Therefore, bias from low response rate of partners appears conservative.
In conclusion, men who have sexual contact with FSW, or who have sexual contact with other men (though self-identifying as heterosexuals) serve as bridges between these groups at high risk for HIV infection and heterosexual women. Interventions aimed at decreasing heterosexual acquisition of HIV infection by women in Peru should not focus primarily upon reducing the number of partners of women; the majority of the HIV-infected women in our study were monogamous. Education of boys and girls should begin before onset of sexual activity, and should address abstinence, monogamy, choice of a partner at low risk for HIV infection or other STD, avoidance of risky practices, and the protective effect of condoms.
